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Description

[0001] This application claims the benefit of U. S. Provisional Application, Serial Number 60/118,948, filed February
5, 1999 entitled SOLAR CELL COVER GLASS, by Paul S. Danielson and Ronald L. Stewart.

FIELD OF THE INVENTION

[0002] Glasses adapted to produce microsheet cover glass for use in solar cells.

BACKGROUND OF THE INVENTION

[0003] United States Patent No. 4,746,634 (Danielson) discloses glasses having borosilicate compositions devel-
oped for production of microsheet to be used in cover glasses on solar cells. The cover glasses are strongly resistant
to solarization, exhibit a cutoff value of 50% at 370 nm. for ultraviolet (UV) radiation, and have properties adapted to
forming microsheets.

[0004] The glass compositions disclosed in the Danielson patent consist essentially of, expressed in terms of
weight percent on an oxide basis:

Si0, | 59-63 ZnO 6.5-7.5
B,O; | 87510 | CeO, 4-6
Al,O3 | 2-2.5 TiO, 13
Na,O | 6.75-7.75 | CeO,+TiO, | 6-8
K,O | 6.25-7.0 | SbyOy 0-0.5

[0005] A commercial glass, based on these composition ranges, was developed that has proven eminently satis-
factory for use in producing microsheet cover glass for solar cells. Recent developments in solar cell use, particularly
for space vehicles or a station, have imposed severe limitations on cover glasses for such cells.

[0006] One such requirement is to provide as great a solar spectral transmission as possible. This is necessary to
provide maximum efficiency in solar cells used to provide power to space vehicles. It is a purpose of the present inven-
tion to provide a cover glass improved in these respects, and a solar cell embodying such cover glass.

[0007] In this regard, another purpose is to provide a glass having a sharp cutoff in the UV portion of the spectrum.
This maximizes solar intensity while still protecting an organic adhesive against deterioration by shorter wavelength, UV
radiation.

[0008] Finally, the possible danger of a static electrical discharge in a space vehicle imposes a requirement of a
lower bulk electrical resistivity in the glass. This is necessary to aid in reducing buildup of static charge on the space
vehicle. It is, then, another purpose to provide a cover glass having a low bulk resistivity.

[0009] Over and above providing these several improvements, it has also been required that the properties
described in the Danielson patent for forming microsheet glass be at least retained, and preferably improved. A final
purpose, then, is to reach this desired end.

SUMMARY OF THE INVENTION

[0010] The invention resides, in part, in a glass that has properties that permit the glass to be drawn as microsheet,
that has a transmission greater than about 90% at wavelengths greater than 370 nm., that has a sharp cutoff between
310-370 nm., that has a transmission no greater than about 50% at about 330 nm., and that has a composition consist-
ing essentially of, expressed in terms of weight percent on an oxide basis:

Sio, | 5969 | znO 6.5-8.5
B,O; | 85-14 | CeO, 0.25-3
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(continued)

Al,O5 | 2-2.5 TiO, 0-1
Na,O | 55-12.5 | CeO,+TiO, | 0.5-4
K,O0 | 0-8 Sb,0; 0-0.5

[0011] The invention further resides in a solar cell having, as a component, a cover glass as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the accompanying drawing,

FIGURE 1 is a schematic side view of a solar cell constructed with a cover glass in accordance with the present
invention.

FIGURE 2 is a graphical representation illustrating the transmission characteristics of glasses in accordance with
the present invention.

DESCRIPTION OF THE INVENTION

[0013] The present invention arose from efforts to provide improved properties in a glass commercially available in
microsheet form. While not so limited, the glass, drawn as microsheet, finds specific application as a cover glass for
solar cells, and is so described here.

[0014] Microsheet may be drawn in a range of thicknesses, e.g., 50-500 microns. However, the conventional thick-
ness for a microsheet cover glass used in solar cells is 150 microns (0.006 inches). Hereafter, all references will be to
microsheet of that thickness, unless otherwise indicated.

[0015] Solar cells were devised as a means of converting solar radiation into a source of electricity, primarily for res-
idential use. More recently, attention has turned to use of such solar cells as a source of power for spacecraft. This utility
has imposed new requirements, as well as enhancing the original requirements.

[0016] FIGURE 1 is a schematic side view of a simple solar cell generally designated 10. Solar cell 10 is basically
composed of a cover glass 12 sealed to the main body of the cell 14 by a seal 16. The present invention is not con-
cerned with the construction, or functioning, of main body 14. Therefore, that component is shown only as a shell in the
interest of simplicity.

[0017] Cover glass 12 is commonly a layer of glass microsheet sealed to the main body 14. It acts as a shield to
prevent dust, or other debris, from entering the cell. Seal 16 may be a fusion seal if care is taken to closely match the
coefficient of thermal expansion (CTE) of the material in body 14 with that of the glass 12. However, it is frequently
desirable to avoid this limiting effect on the materials of body 14 and glass 12. Seal 16 may, therefore, be an organic
plastic material.

[0018] However, short wavelength UV radiation may deteriorate this plastic material. Therfore, it becomes neces-
sary to essentially eliminate much of the UV portion of the radiation impinging on cover glass 12, preferably by absorp-
tion in the glass. At the same time, it is desirable to secure as high a transmission of the useful portion of the solar
radiation as possible. This combination of requirements has made it critical to obtain a very sharp, transmission cutoff
in the long wavelength portion of the UV spectrum in cover glass 12.

[0019] Cover glass 12 should provide maximum transmission of solar radiation at wavelengths in the visible portion
of the spectrum, that is, wavelengths greater than 400 nm. Concomitant therewith, the glass should transmit minimal
radiation in the UV portion of the spectrum below 310 nm. In other words, the transmission curve in the vicinity of 340
to 350 nm. in the UV portion of the spectrum should be as sharp, or steep, as possible.

[0020] This boundary portion of the curve is commonly referred to as the edge, or cut-on. A customary measure is
the transmission in percent of a 150 micron thick glass at a wavelength of 370 nm. However, the present glasses pro-
vide a sharp edge positioned at shorter UV wavelengths. This edge is better characterized by transmission values at
330, 350 and 370 nm.

[0021] The invention is further described with reference to specific embodiments, and to relevant properties of
those embodiments.

[0022] TABLE | shows, in weight percent on an oxide basis, the compositions for several glasses in accordance with
the present invention. For comparison, the composition of example 5 in TABLE | of the Danielson patent is included as
example 20 in present TABLE I.
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FIGURE 2 is a graphical representation illustrating the transmission characteristics of glasses in accordance

with the present invention. Transmittance values, in percent, are plotted on the vertical axis; wavelengths in nm. are

[0023]
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plotted on the horizontal axis.

[0024] In FIGURE 2, curve A is the transmission curve for a glass having the composition shown as example 5 in
TABLE | of the Danielson patent (example 20 in present TABLE I). Curves B and C are transmission curves for glasses
having, respectively, compositions 8 and 10 in TABLE | of this application.

[0025] It will be noted that curves B and C for the present glasses are positioned to the left of Curve A and are sig-
nificantly steeper than curve A. This provides the desired sharp transmission edge in the UV portion of the spectrum
while positioning the edge at somewhat shorter wavelengths. Thus, the total solar radiation transmitted by the present
glasses is enhanced.

[0026] This result was achieved by decreasing the contents of both CeO, and TiO, in the present commercial
glass. The result was particularly surprising since it was believed that the larger contents were necessary to impart ade-
quate resistance to discoloration, and consequent loss of transmission. This was particularly true with respect to use in
space where the problem is much more severe than on earth. On earth, the atmosphere functions as a solarization
shield. It was, then, quite unexpected to find that less than 2% CeO,, and as little as 0.25%, both by weight, could pro-
vide adequate resistance to solarization in space.

[0027] Accordingly, CeO, contents are preferably at least 0.25% by weight, but less than 2.0%. The TiO, content
is at least 0.25% by weight, and may range up to about 1.0%.

[0028] As explained earlier, solar cells are used on spacecraft as a source of power. However, such spacecraft
power components must not contribute to a buildup of static electrical charge on or in the spacecraft. This has led to a
desire for a cover glass having a low bulk resistivity. It has been found that this desired end can be achieved in the
present glasses by adjusting the ratio of Na,O/K,0. The ratio will be greater than 1:1, preferably greater than 2:1, and
may be up to 6:1.

[0029] TABLE II, below, demonstrates the reduction in resistivity that can be achieved in the present glasses with-
out losing other properties. The TABLE shows log DC resistivity values at three different temperatures for four different
glasses. The glasses are examples 20, 10, 4 and 13 in TABLE I. It will be seen that the resistivity of glasses 4 and 13
are substantially lower than the other two glasses.

TABLE Il

Log (rho) [ 20 10 4 13
25°C. | 1526 | 15.33 | 13.88 | 12.79
250°C. | 817 | 808 | 728 | 6.71
350°C. | 666 | 655 | 587 | 543

[0030] A further, unforeseen advantage, accruing from the present glasses, is their relatively low liquidus tempera-
tures, and their high viscosity values at the liquidus temperature. This combination of properties tends to reduce the ten-
dency for crystallization to occur during drawing of the microsheet. It also tends to avoid the formation of defect stones
that grow in stagnant pockets of glass that occur in the microsheet drawing equipment. The tendency for these prob-
lems to occur has seriously limited the time between shutdowns required to clean the drawing equipment. This, of
course, drives up the cost of production.

[0031] TABLE lll, below, sets forth liquidus temperatures and viscosity values in kilopoises (kP) for six (6) of the
glasses shown in TABLE I. As before, example 20 is the glass of example 5 in TABLE | of the Danielson patent. The
liquidus values are internal liquidus values determined from a 24 hour, gradient test.

TABLE Il
20 [10 [4 [7 [s8 Jo

Comp'n/Liq. TInt. (C) | 942 | 810 | 865 | 865 | 835 | 840
HT visc. @ Liq. (kP) | 50 | 2500 | 170 | 170 | 440 | 750

[0032] Broadly, the glasses of the present invention consist essentially of, in weight percent as calculated on an
oxide basis:
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Si0, | 59-69 ZnO 6.5-8.5
B,O; | 85-14 | CeO, 0.25-3.0
Alb,O3 | 2-2.5 TiO, 0-1
Nay,O | 5.5-12.5 | CeO,+TiO, | 0.5-4
K,O | 0-8 Sb,04 0-0.5

[0033] Optimum properties, particularly a combination of maximum solar transmission with a sharp cutoff in the UV,
are achieved with glasses having compositions consisting essentially of, in weight percent as calculated on an oxide
basis:

Si0, | 59-69 | zno 6.5-7.5
B,O; | 8.5-12 | CeO, | 0.25-<2
Al,O3 | 225 | TiO, | 0.25-1
Na,O | 6.5-12 | Sb,05 | 0-0.5
K,O | 2-8

[0034] A preferred glass composition is that shown as Example 30 in TABLE I. A glass having this composition has
physical properties closely matching those of the present commercial glass corresponding to example 20 in TABLE I.
This not only facilitates the transition to the new glass in the previously used melting unit, but also fabrication of the solar
cell. In particular, the glass has a GTE of 74.3x1077/°C. between 25° and 300° C., a softening point of 725° C. and a
strain point of 518° C.

Claims

1. A borosilicate glass that has properties that enable the glass to be drawn as microsheet, that has a transmission
greater than about 90% at wavelengths between 380 and 1200 nm., that has a sharp cutoff between 310 and 370
nm., that has a transmission no greater than 50% at 330 nm., and that has a composition consisting essentially of,
expressed in terms of weight percent on an oxide basis:

Si0, | 5969 | znO 6.5-8.5
B,O; | 85-14 | CeO, 0.25-3
Al,O5 | 2-25 TiO, 0-1
Na,O | 55-12.5 | CeO,+TiO, | 0.5-4
K,O | 0-8 Sb,05 0-0.5

2. A borosilicate glass in accordance with claim 1 wherein the Na,O:K50 ratio, in weight percent, is at least 1:1 and
up to about 6:1.

3. A borosilicate glass in accordance with claim 1 having a liquidus temperature below 900° C. and a viscosity at the
liquidus temperature that is greater than 50 kilopoises.

4. A borosilicate glass in accordance with claim 1 wherein the Na,O:K50 ratio, in weight percent, is greater than 2:1
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and the log DC resistivity is less than 15.5 at 25° C.

5. A borosilicate glass in accordance with claim 1 wherein the CeO,, content is less than 2 weight percent.

6. A borosilicate glass in accordance with claim 1 containing both CeO, and TiO, in a total amount not over about 2

weight percent.

7. Aborosilicate glass in accordance with claim 1 that has a composition consisting essentially of, expressed in terms

of weight percent on an oxide basis:

SiO,
B,O3
Al,O3
Na,O
K,0

59-69
8.5-12
2-25
6.5-12
2-8

ZnO
CeO,
TiO,
Sb,03

6.5-7.5
0.25-<2
0.25-1
0-0.5

8. A borosilicate glass in accordance with claim 7 having a composition consisting of, in weight percent on an oxide

basis:

Si0, | 64.45
B,O3 | 11.10
ALO; | 2.25
Na,O | 7.15
K,O | 6.65

ZnO
Ce,O
TiO,
Sb,04

7.0

0.50
0.75
0.25

9. A solar cell having, as a component, a microsheet cover glass having a transmission greater than 90% at wave-
lengths between 380 and 1200 nm., a sharp cutoff between 310 and 370 nm., a transmittance no greater than 50%
at 330 nm., and a composition consisting essentially of, expressed in terms of weight percent, on an oxide basis:

SiO,
B,03
Al,O4
Na,O
K,0

59-69
8.5-14
2-2.5
5.5-12.5
0-8

Zn0O

CeO,

TiO,
Ce0,+TiO,
Sb,04

6.5-8.5
0.25-3
0-1
0.5-4
0-0.5

10. A solar cell in accordance with claim 9 wherein the microsheet cover glass is about 150 microns (0.006 inches) in

thickness.

11. A solar cell in accordance with claim 9 wherein the microsheet cover glass has a liquidus temperature below 900°
C. and a viscosity at the liquidus temperature greater than 50 kilopoises, whereby microsheet can be drawn over
an extended period of time without crystal buildup.

12. A solar cell in accordance with claim 9 wherein the microsheet cover glass has a log DC resistivity less than about
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13. A solar cell in accordance with claim 9 wherein the microsheet cover glass has a composition consisting essentially
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of, expressed in terms of weight percent on an oxide basis:

SiO,
B,O3
Al,O3
Na,O
KO

59-69
8.5-12
2-25
6.5-12
2-8

ZnO
CeO,
TiO,
Sb,05

6.5-7.5
0.25-<2
0.25-1
0-0.5

14. A solar cell in accordance with claim 13 wherein the microsheet cover glass has a composition consisting of,

expressed in terms of weight percent on an oxide basis:

Sio,
B,O4
Al,O4
Na,O
K>,0

64.45
11.10
2.25
7.15
6.65

Zn0O
Ce,O
TiO,
Sb,04

7.0

0.50
0.75
0.25
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